Modeling of pit chemistry in applied polarization mode is carried out using analytical calculations. The results lead to the formulation of critical conditions for pit stabilization. More detailed computing is performed to study pit stability behavior in terms of pit geometry and applied potential. The results fairly predict a transition pH T =f(log (σ a .λ)) where λ = L 2 /r (L and r are respectively pit depth and mouth) is the geometrical factor, σ a is the physical factor depending on the dissolution law. The consequences of these conditions are explored to throw light particularly on the role of alloying elements in pit stabilization. A key question as far as the durability of passive alloys is concerned.
Introduction
In recent years extensive studies have been devoted to pit stability in conventional stainless steels [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Most of these studies portray various phenomenological aspects of the pit active/passive transition. From an experimental point of view, pit metastability is characterized by the appearance of typical transient currents that are well described by current growth laws 3, 4 . The common ones are called "Type I" and the less common one, with low intensities, are called "Type II" (see Figure 1 ). These typical morphologies are considered to be hallmarks of the active/passive transition.
Many aspects of the latter works suggest a linked role of both pit chemistry and pit geometry. However, troublesome points remain. Pit chemistry and in particular the local acidity is likely to control the passive film stability and hence the current density, but as regards the pit morphology and the chemically heterogeneous substrate systems, little information is available concerning the critical repassivation conditions. An appropriate mechanistic description of inner pit repassivation conditions still awaits further developments. The question of how far a possible role for both pit geometry and chemistry can be combined in the control of metastable current transients needs to be examined more closely.
In this regard, the present paper aims to investigate the critical conditions of active/passive transition, placing the emphasis on the influence of pit geometry. Particular attention is paid to the effect of the dissolution law. We examine the applied potential mode under which pit initiation is supposed to occur. Since pit chemistry in real systems is extremely complex, its modeling requires some assumptions [14] [15] [16] [17] [18] [19] . Various approaches for handling this task are presented. It is proposed to build an analytical model using a very simple, generic metal/electrolyte system, in which the active/passive transition can be investigated in detail. We focus particularly on the evolution of acidity at the transition point (pH T ) as a function of pit geometry and the dissolution law.
Description of the model

Definition of the electrochemical system
We use a cylindrical form of pit geometry where the active and passive zones are represented together by a repassivation variable p/L as illustrated in Figure 2 where u represents an exponential function, which will be used everywhere to refer to the electrostatic potential ϕ and c b is the bulk concentration of sodium chloride. Finally, no ion precipitation is considered in our case.
Species transport and mass balance
In this section we will deduce an expression for flux species as a function of the electrostatic potential function u. Using the Nernst-Planck law for dilute solutions, and by neglecting the advection term, the flux Φ i of each species i can be written as:
which gives using the function u instead of ϕ:
D i , represents the diffusion coefficients of the species i.
The mass conservation of the ions: 
where, by integrating along the z axis, one can obtain a simple relationship between Y and H:
The system to be solved contains three unknowns, comprising two concentrations (H, Y) and the potential variable u. The last equation needed for the system to be well defined will be given by the electro-neutrality condition.
Electro-neutrality condition
Electro-neutrality implies that every controlled volume in the electrolyte must remain neutrally charged. This is simply described by the equation giving the density of total charge at a given point in the electrolyte:
Assuming a high dielectric constant for the electrolyte, and in the case of dilute aqueous solutions, the electro-neutrality condition ( ] concentrations and by using equation [8] as:
This gives a simple relation between the proton concentration H and the unknown function u. We must now indicate suitable boundary conditions.
Master equations
With the aim to specify the net dissolution flux on the pit walls, required for the mass balance, we use the Tafel law to express the effective anodic current density J:
J cor , the corrosion current density, is almost constant; it depends theoretically on the chloride concentration. V ap is the applied potential and θ is the fraction of the active pit walls. This relation can be simplified using again the potential function u as: The boundary condition will relate the total flux of [M ++ ] cations Φ, which is also the flux of H + protons, to the current density J and by assuming z.α=1 this can be written as:
Now, by combining this equation and the reduced electro-neutrality equation [10] we obtain:
A way to simplify this equation to a generic one is to consider gradient of the proton concentration from equation [5] :
Now if we put:
and combining this expression with [15.2] this will give the master equation:
with: λ and σ a are respectively the geometrical and physical parameters of the model.
Study of the transition function
Regarding the repassivation reaction we assume that a steady state is reached quickly compared with possible modifications of the geometry. The fraction of the active surface, identified as θ, is then defined independently of the potential by: Figure 2) . Now, to solve the master equation we use the following reduced variables relating the acidity (h), the geometry (s), and the repassivation reaction (q):
This leads to a very simple equation that is easy to solve for passive (s<q), active (s>q), and for passive/active (s=-q) transitions:
In the passive zone (θ=0) the flux of protons and thus the gradient of acidity g are constant. At the pit mouth the proton concentration H 0 is supposed to be constant. If we note respectively h 0 and h p and the reduced the proton concentrations at the pit mouth (s=0), and at the active/passive transition point (s=-q) we obtain:
In the active zone (θ=1), the solution of the master equation gives: Now if we look at the active/passive transition, by combining equations [18] and [19] we obtain an expression for h p =h p (q), a so-called "transition function":
that is easy to solve numerically for each value of the pit depth L and which definitively links the reduced acidity variable h to the repassivation variable q. A complete analysis of the transition conditions can be obtained by studying the behavior of this function.
The numerical solution of the transition function is illustrated in Figure 3 and the equivalent in pH is plotted in Figure 4 using Figure 4 ). These transient regimes may lead to unpredictable dynamic effects related principally to a competition between dissolution and repassivation kinetics, encountered in some corrosion situations. It is of interest to notice that active/passive transitions follow various "path transitions" depending on the geometrical factor λ and the polarization conditions. The longer the pit depth or the smaller it's opening, the higher is the probability of active transitions (see Figure 5) . Similarly, if we increase the physical factor σ a , by increasing the applied potential for example according to equation [16.1] , this probability will increase (see Figure 6 ).
The critical potential at the maximum acidity below which no pit stabilizes can be deduced by using the relation: From this simple relation, which combines three major factors that control the active/passive transition, it becomes possible giving a depassivation pH d to deduce the critical conditions of pit stabilization. See the above part of Figure 7 .
In addition, assume that the current density J a depends on the applied potential V ap according to Tafel's law:
where α is the Tafel coefficient. Any change in the dissolution law (by changing the composition of an alloy for example) will move necessarily the critical transition point (see Figure 7 for the comparison between the dissolution law α and α'). To reinforce these findings for better application to stainless steel systems finite element analysis is the appropriate method to use. Finally, it is also possible to give from this analysis a reasonable explanation to the typical transient currents usually observed in pit metastability. Indeed, given the low levels of Type II current transients, for low pit depths (L), it is more reasonable to attribute these transients to repassivation of pits already situated in the passive zone, see Figure 7 . The observed delay before complete repassivation can be fully induced by antirepassivation agents. In the same way, it appears reasonable to consider Type I transients as the consequence of a sudden repassivation due to breakdown of the thick layer formed by salt films, which often covers pit mouths, or to dynamic transitions in a pit reactive system.
Concluding remarks
A simplified analytical description of pit chemistry shows, without referring to any salt formation, that stable pits can survive when the critical acidity level at the active/passive point, given by pH T =-log h min -0.5 log (σ a .λ), reaches the depassivation pH d of the metal in question. Here λ = L 2 /r (L and r are respectively pit depth and mouth) is the geometrical factor, σ a is the physical factor depending in the first instance on the applied potential, and h min is the minimum pH reached at the bottom of the pit. From this, it is possible to deduce a critical pit depth and a critical applied potential below which pits repassivate. Moreover, the metastable pit transients commonly called Type I and Type II are now readily explained. The smaller and less common Type II current transients correspond to sub-critical stabilization conditions, while Type I transients may be considered to be the consequence of sudden repassivation due to breakdown of the corrosion products that often cover pit mouths, or to dynamic transitions of the pit reactive system. The longer the pit depth or the lower its opening, the higher is the probability of transition to active states. 
